Abstract. Leprosy remains a public health problem in many countries. The disease affects skin and peripheral nerves and can cause irreversible disabilities. In Brazil, the detection rate of new cases is 18.2/100,000 inhabitants and leprosy control is considered a priority in the state of Sergipe. Studies showing the epidemiological profile and geographical distribution of leprosy cases are needed for effective epidemiological control measures. The objective of this study was to assess the detection rate of new cases, the geographical distribution and association with gender and clinical forms in Sergipe. Data were obtained from the Brazilian Institute of Geography and Statistics and the Information System for Notifiable Diseases. Maps indicating the geographical distribution of leprosy cases and the degree of neurological disabilities of all municipalities of the state were created using Spring, version 5.1.8 and ArcGIS, version 9.3.1. Hyper-endemic leprosy municipalities exist in Sergipe, indicating that the disease remains a major public health problem. The leprosy cases were found to be in municipalities with a higher number of dwellings with nine people per house. A detection rate of 33.0/100,000 inhabitants was noted in 2005, followed by a progressive reduction in the number of new cases until 2010. However, in the same period, an increase of cases with neurological disability was observed. A significant association of males with the multi-bacillary form and neurological disability was observed. This predisposition to severe forms of leprosy in males may be due to a delay in diagnosis and treatment emphasising the need for special attention by the leprosy control programme.
Introduction
Leprosy is a chronic disease caused by infection with Mycobacterium leprae. The World Health Organization (WHO) puts the number of the worldwide registered cases of leprosy at 228,474 (WHO, 2010) . In Brazil, the national incidence (here referred to as the new case detection rate) is 18.2 per 100,000 inhabitants and within the state of Sergipe 18.4 per 100,000 inhabitants (WHO, 2010) .
The cardinal signs of leprosy are skin lesions with altered sensation, thickened peripheral nerves and presence of alcohol/acid resistant (acid fast) bacilli in skin biopsies or lymph nodes. The bacteriological examination classifies patients either into the multi-bacillary (MB) or the pauci-bacillary (PB) form, while histopathological examination categorizes the disease as one of several clinical forms depending on the host immune response against the bacillus (van Brakel et al., 2008; Penna et al., 2008) . Complications of leprosy include reactions and neurological disabilities. Patients can present neural inflammation and even permanent loss of sensory, autonomic and motor functions. In the absence of early intervention, sequelae responsible for strong social stigma and significant impairment of the quality of life appear (Scollard et al., 2006; Dias et al., 2007; Gomes et al., 2007; Schuring, 2008; Moschioni et al., 2010) .
The WHO recommends a scale to classify the neurological disability caused by leprosy using grades attributed to eye, hand and foot as follows: (i) grade 0, no disability; (ii) grade I, loss of sensibility in eyes, hands and/or feet at the level of 2 g of weight according to the monofilament test (Dros et al., 2009) ; and (iii) grade II, lagophthalmos and/or ectropion, trichiasis or visual impairment with regard to sight and, with regard to hands and feet, visible damage such as "claw hand", "drop foot" or bone resorption in fingers or toes (Alves et al., 2010; Raposo et al., 2011) . No study characterizing the epidemiological profile of leprosy cases in Sergipe during the last five years has been published. Additionally, no previous study has tried to map the distribution of the disease, which is an impediment for the planning of epidemiological control measures.
The objective of this study was to produce maps showing the geographical distribution of new cases and the presence of neurological disability. We also wished to determine associations between gender with disease classification and neurological impairment as well as finding a possible link between leprosy and the population density expressed as the number of people per residence. To that end, a retrospective study in patients with confirmed diagnosis of leprosy for the years 2005 to 2010, analysing secondary data from the Brazilian government, was performed.
Materials and methods
During the five years between 2005 and 2010, the state of Sergipe had 3,039 leprosy cases, 240 (7.9%) of these being under 15 years old. In 2005, the new case detection rate in the state was 33.0/100,000 inhabitants, with a progressive decrease in the following years, reaching 18.4/100,000 in 2010. In those under the age of 15 years, the incidence rates also decreased (from 10.0/100,000 in 2005 to 4.9/100,000 in 2010). All data related to leprosy were collected from the official database of the "Sistema de Informação de Agravos de Notificação" or SINAN (i.e. the information system for notification of diseases of compulsory notification). This system contains all confirmed cases in Sergipe based on all patients attended by the health services. Indicators of population development and population density were acquired from Instituto Brasileiro de Geografia e Estatística or IBGE (i.e. the Brazilian Institute of Geography and Statistics). We assessed the differences between the number of houses with 3 people/house, 5 people/house and 9 people/house in the various municipalities in relation to the number of cases of leprosy reported using the Mann-Whitney test (a non-parametric, statistical hypothesis test for assessing whether one of two samples of independent observations tends to have larger values than the other) in GraphPad Prism, version 4.0 (http://www.graphpad.com/manuals/Prism4/ PrismUsersGuide.pdf).
The database was investigated by importing it into SPRING, version 5.1.8 (http://static.springsource.org/ spring-batch/reference/html/configureStep.html), while the ArcGIS, version 9.3.1 (http://wikis.esri.com/ wiki/display/ag93bsr/ArcGIS+Desktop) was used to construct maps showing the distribution of leprosy in the municipalities of Sergipe. The analyses were performed using GraphPad Prism, version 4.0. Mean, standard deviation and disease incidence were analysed in relation to the total population and in relation to the population under the age of 15 years. Neurological disabilities and the gender distribution of MB and PB disease presentation were calculated. Associations between these variables were performed using a χ 2 test with the Yates' correction.
Results
The geographical distribution of leprosy and the degree of the associated neurological disabilities in 2005 and 2010 in the 75 municipalities of Sergipe is shown in Fig. 1 . Leprosy was documented in all regions of the state. Hyper-endemic incidence rates (> 40/100,000) were reported in 15 municipalities in 2005, but reduced to eight municipalities in 2010. In 2005, neurological disabilities were detected in 24 municipalities, amounting to 68 cases with degree I, and 27 cases with degree II. Degree II of neurological disability, in which the patients present with limitations to daily activities, was observed in 12 municipalities. In 2010, neurological disabilities were detected in 27 municipalities, 70 cases with degree I, and 31 cases with degree II, the latter observed in 11 municipalities. After cure, neurological disabilities were still detected.
Analysing the association of leprosy new case detection rate with population indicators of development acquired from the IBGE, we did not find any correlation between the disease and income, educational and sanitation, but the number of households with 5 people/house (P = 0.001) and 9 people/house (P = 0.009, Mann-Whitney test) were higher in the municipalities with leprosy cases, as compared to the ones with no leprosy cases (Fig. 2) . No differences were observed when we analysed the numbers of houses with 3 people/house (P = 0.13).
No gender predominance of leprosy in general was found in any of the years analyzed. However, when the bacteriological classification of the disease was considered in the total population (all ages), men were shown to be more affected by MB leprosy (854 cases), while PB forms (1,026 cases) were more common in women. In addition to the association of males with the MB form (OR 2.9, 95% CI [2.46 to 3.30]; P<0.0001), men were also associated with all degrees of neurological disability (OR 2.9, 95% CI [2.29 to 3.56]; P <0.0001), degree II as compared to degree 0 (OR 2.9, 95% CI [1.98 to 4.36]; p<0.0001) or degree I as compared to degree 0 (OR 2.8, 95% CI [2.20 to 3.64]; P <0.0001) ( Table 1) .
Discussion
Sergipe has a relatively high incidence of leprosy, and this situation remains a challenge for health professionals. The results analyzed from 2005 to 2010 indicate that the disease is still present though a progressive reduction in new cases was observed over the past five years.
The recent, lower incidence may be an indicator of reduced endemicity or, alternatively, of increased activity of leprosy control programs, including improved geographical coverage and increased awareness among the population in the endemic countries. (van Brakel et al., 2004; Mastrangelo et al., 2009 ). The decline observed in the present study can be explained by a reduction of cases due to a better quality of life Table 1 . Associations between gender, classification and degree of neurological disability.
and/or improvement of the environmental conditions associated with development of the disease or, more likely, it may represent a reduction in active case finding because, during the same period, we observed an increase of the degree II of neurological disability. Moreover, there is a maintenance of disease in those under 15 years of age, suggesting an early and continuous exposure to infection, since the incubation period is long (up to 10 years) (WHO, 2010) . The leprosy risk is increased in neighborhoods with previous reports of disease (Moet et al., 2004) . Studies in highly endemic areas can identify other risk factors that contribute to the acquirement of leprosy, e.g. rural endemic settings with poor housing and sanitation conditions in substandard environments (Queiroz et al., 2010) . In the present study, we observed that the municipalities with leprosy cases had comparatively more houses with high numbers of people per house, but no differences were observed when we analysed the numbers of houses with only three people per house, suggesting that an increased population density escalates the risk for acquiring leprosy.
In Sergipe there were no important differences in the total frequency of new cases in relation to gender. However, there was a clear predominance of MB forms of the disease in men for all years evaluated, with an association of the male gender with neurological disabilities as well. This association has also been observed in a preliminary analysis of retrospective data from a reference center in Aracaju, the capital of Sergipe (Simon et al., 2011) .
Brazilian studies have reported a predominance of MB leprosy in men with a progressive increase during the last five years (Ministry of Health, 2010) . This predisposition to more severe forms in the male gender may be related to factors such as initial infection load (Mastrangelo et al., 2009) , social activities (Miranzi et al., 2010) , neurological lesions (Deepak, 2003; Penna et al., 2008) or availability of medical care, all factors associated with increased susceptibility to mycobacterial infection (Teixeira et al., 2010) and higher frequency of leprosy reactions (Costa, 2002; Lana et al., 2003; Pavani et al., 2008) .
The effect of gender as risk factor for intracellular infections is controversial. In leishmaniasis, both experimental animal investigations and epidemiological studies suggest a higher susceptibility in males (Mock and Nacy, 1998; Travi et al., 2002) . The female gender has been described as a risk factor for extrapulmonary tuberculosis (García-Rodríguez et al., 2011 ), but another study shows a predominance of the male gender among infected patients (Baboolal et al., 2009 ). An experimental animal model of infection by Paracoccidioides braziliensis, a fungal infection, showed the influence of sex hormones on the immune response, demonstrating that testosterone promotes an increased production of IL-10 resulting in lowered protection against this infection (Pinzan, 2010) . Although the predominance of males can be due to a higher exposure to infection, studies evaluating the effect of testosterone in susceptibility to leprosy would be needed for solving this question.
Conclusions
This documentation of the geographical distribution of leprosy per municipality in Sergipe, and the neurological disability due to this disease, sheds new light on the epidemiological situation. The 2005 to 2010 data on leprosy incidence indicate that the disease is currently decreasing in Sergipe. However, there are still hyper-endemic municipalities in the state and the frequency in children and young adolescents is stable, suggesting that the disease remains a major public health problem.
Neurological disability, observed in endemic municipalities during the same period, emphasises the impact of this disease on the quality of life in the population. The association between the male gender and MB leprosy and also neurological disability observed suggests that this category needs more attention from the leprosy control programme.
The findings of a higher risk for disability in men presented here should be useful for the planning of control measures concentrating efforts on special risk groups to detect and treat these cases as early as possible.
